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Abstract 
In today’s rapidly changing market environments with heterogeneous consumer needs, short product life cycles, and global competition, 
organizations must perform production ramp-ups more often and react quickly to external changes. This is only possible if the required 
knowledge is available at the respective organizational units and workplaces. Thus, a central question to answer is: How can spillover effects of 
learning improve future production ramp-ups? 
 
This paper provides an overview over the existing literature on spillover effects of learning for production ramp-ups.  Specifically, the 
antecedents, control mechanisms and performance effects of these spillover effects are considered. While learning and knowledge management 
in general have received attention for quite some time, there is only little research on the specific means, tools, and methods of spillover 
learning that are useful for seemingly unrelated processes such as production ramp-ups in different time periods. The literature on spillover 
learning as well as on organizational learning in production ramp-up is extensive, but the combination of the two is still under-researched. For 
these reasons, further research in this area can generate insights in how to better ensure transfer of tacit and explicit knowledge in the context of 
production ramp-ups. In this paper, we first present the state of the art of spillover learning in production ramp-ups by reviewing the existing 
academic literature. After that, opportunities for future research are outlined. Identified research gaps include that little is known about the 
process and effectiveness of knowledge transfer between consecutive ramp-ups. Especially, an unanswered question is how deliberate learning 
as compared to learning by doing influences knowledge spillovers to subsequent ramp-ups. In terms of scientific methods, laboratory 
experiments have not yet been employed in the context of spillover learning for production ramp-ups. This opens up another interesting and 
promising direction. 
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1. Introduction 
Production ramp-up, defined as the “period between 
completion of development and full capacity utilization”, is of 
utter importance for the success of manufacturing companies 
[1]. During ramp-up periods, companies have to cope with 
high degrees of uncertainty, instability, and complexity. Since 
product life cycles are decreasing in their duration and the 
number of products and product variants increases, ramp-ups 
become more frequent which puts an even higher importance 
on a company’s ability to cope with the associated difficulties 
(see e.g. [2]). 
In this context, organizational learning is a central concept 
which can reduce uncertainty and instability through a better 
understanding of the production process and as a consequence 
may improve production outcomes with regard to cost, time, 
and quality. The goal of many firms is to achieve a learning 
curve as steep as possible to reach higher quality and 
efficiency as early as possible. For companies, it is beneficial 
to make use of the knowledge generated through learning 
effects for current and future production ramp-ups. 
This paper focuses on a specific form of organizational 
learning, namely spillover learning. The concept of spillover 
learning can be defined as organizational learning through 
knowledge spillovers, where organizational learning refers to 
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the scientifi c committee of the 3rd International Conference on Ramp-up Management (ICRM)
112   Peter Letmathe and Marc Rößler /  Procedia CIRP  51 ( 2016 )  111 – 115 
“the process of improving actions through better knowledge 
and understanding” [3] and knowledge spillover is defined as 
the “external benefits from the creation of knowledge that 
accrue to parties other than the creator” [4]. 
Usually, the term knowledge spillover refers to knowledge 
which spills over from the organization where it was created 
to another organization, which benefits from it. For example, 
Agarwal et al. explain that knowledge, which is created within 
an organization, is not perfectly kept within its boundaries [4]. 
Thus, building on the work by Arrow they conclude that 
knowledge becomes, at least partly, a public good meaning 
that it possesses the characteristics of non-rivalness and non-
excludability [4][5]. In contrast, we here regard the question 
how spillover learning can improve future production ramp-
ups within the same organization. This means, we do not 
investigate spillovers of knowledge from one organization to 
another, but instead look at the spillover from one point in 
time to another. Note that this form of spillover may, 
nevertheless, concern different parties: One party creating the 
knowledge and others benefitting from it, just within the same 
organization. Here, the specific focus lies on different ramp-up 
teams. This paper reviews the existing literature on the 
question how organizational learning during production ramp-
up can benefit future ramp-ups by the means of spillover 
learning. For this purpose, the spillover learning literature and 
the literature on organizational learning in production ramp-up 
are reviewed separately in Chapter 2 and 3. Chapter 4 then 
combines these two topics into spillover learning between 
production ramp-ups. Chapter 5 concludes and identifies 
research gaps and provides directions for future research. 
2. Spillover learning in general 
Before diving into the topic of spillover learning, gaining 
an understanding of the concept of organizational learning in 
order to assess the importance of spillover learning in 
production ramp-ups is important. The huge body of literature 
on organizational learning is reviewed in, for example  
[3][6][7] and [8]. While there is some disagreement about the 
exact definition of the term organizational learning, Fiol and 
Lyles find areas of consensus and thereby broadly define 
organizational learning as described in the introduction: 
“Organizational learning means the process of improving 
actions through better knowledge and understanding” [3]. 
Within this broad definition, multiple different ways of 
organizational learning can be distinguished which are very 
well presented in [6]. 
Spillover learning in general, and not necessarily spillovers 
from one production ramp-up to future ones, has received 
substantial attention (e.g. [4][5][9][10][11][12]). Even the 
OECD noted that learning spillovers from the global frontier 
of innovation to other companies and less innovative countries 
is an important topic in order to stimulate global 
innovativeness and efficiency [13]. 
In the existing literature on spillover learning, there is a 
strong focus on interorganizational spillovers, but little is 
researched about spillover effects to a later point in time. Due 
to the high number of publications in this field, we will only 
consider articles, which we view as either central to the field 
or helpful for the topic of spillover learning from one 
production ramp-up to the next.  
Arrow was assumably the first to describe spillover effects 
of knowledge between organizations in his conceptual work in 
1962 by emphasizing the public good nature of knowledge [5]. 
Knowledge becomes available for everyone, not only the 
creator, as soon as it is employed in some way. While Arrow 
takes a microeconomic view and puts his focus on the 
efficiency of a market for trading knowledge, the side-note of 
knowledge being available for parties outside the creating 
organization laid the foundation of spillover learning in the 
academic literature [5]. 
Following the ideas of Arrow [5], Ghemawat and Spence 
[9] elaborate on the effects of knowledge spillovers on the 
performance of markets. They conceptually explain how the 
existence of spillovers has two contrary effects on an industry; 
an industry-wide cost reduction on the one hand and a 
decrease in incentives to reduce costs by expanding output on 
the other hand. Compared to a situation with no knowledge 
spillovers, costs are reduced more quickly due to higher 
experience. However, for each individual company the 
incentive to expand production in order to drive down costs is 
reduced since the company might as well rely on other firms 
to produce more. While the net effect of these two 
implications is ambiguous, the authors find anecdotal evidence 
for the former to outweigh the latter. 
Spence draws the same conclusion from his model of 
spillover learning and competition, but also does not test this 
empirically [12]. 
Agarwal et al. take a slightly different approach to 
analyzing spillover learning [4][10]. They investigate 
knowledge spillovers in the context of strategic 
entrepreneurship, namely how knowledge spills over when a 
firm’s employee leaves the company to form her own venture. 
While this topic is very different from the production ramp-up 
context, some of the insights are transferable to, or at least 
helpful in, ramp-up management. Interestingly, they draw – 
among others – the conclusion that the originator of a 
knowledge spillover, and not only the recipient, can as well 
profit from this spillover [4][10]. The underlying mechanism 
is that the originator can observe how the recipient combines 
the received knowledge with other knowledge and by this 
foster additional learning. While this idea should lead 
organizations to more openness towards knowledge spillovers 
out of their own boundaries, this concept could be transferred 
to the setting of multiple ramp-ups within one organization. 
Insights, which have been generated by one ramp-up team, 
can spill over to another team, which exploits these insights. 
In turn, the first team will then be able to apply the additional 
knowledge, which has been created by the second team, and 
combine it differently for the next ramp-up. 
Also in the area of entrepreneurship, Ko and Liu study the 
elements of knowledge spillovers in social enterprises [11]. 
By conducting elite interviews, they arrive at the conclusion 
that knowledge spillovers consist of three core elements – 
knowledge access, knowledge collection, and knowledge 
implementation. These elements lay the basis for their 
framework where social enterprises first access leaked 
entrepreneurial knowledge from their network, then 
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strategically collect it, and ultimately put it into practice. This 
framework seems suitable not only for the context of social 
enterprises, but also for other knowledge spillover settings, 
such as production ramp-up. 
3. Different forms of organizational learning in production 
ramp-up 
Numerous publications deal with organizational learning in 
production ramp-ups, but not necessarily by the means of 
knowledge spillovers. Most of these publications are dated in 
the 2000s when the topic of ramp-up management received 
increased attention. In this stream of literature, the main focus 
lies on the comparison of learning by doing vs. deliberate 
learning in the form of projects or experiments conducted in 
the production of a company (see e.g. [1][14][15][16]). 
A central paper in the area of ramp-up management is the 
work by Terwiesch and Bohn who model learning during the 
ramp-up phase as a trade-off between deliberate experiments 
and higher production volume [1]. They assume that learning 
can occur better through experiments than through learning by 
doing.  This assumption is underpinned by the study by Lapré 
et al. who compare the impact of different kinds of learning in 
quality improvement projects on the waste rate [14]. In their 
exploratory research they find that know-how as well as 
know-why needs to be acquired in order to reach 
improvements [14]. This hints at the superiority of thoroughly 
conducted experiments over simple learning by doing. In 
order to raise both yield and production rate during ramp-up, it 
is not helpful to view the experience curve as “predetermined, 
completely predictable, and beyond managerial control” [1]. 
In their model, Terwiesch and Bohn show the relation between 
capacity utilization, yields, and process improvement, i.e. 
learning [1]. Depending on the parameter constellation for 
selling price, cost, and processing capability, they find 
different experimentation strategies to be optimal. According 
to this model, experimentation will usually be beneficial early 
in the production life cycle. Only when prices are very high at 
first and then fall rapidly, postponing experimentation will be 
superior. These propositions form an interesting starting point 
for empirical research on how to employ deliberate 
experimentation during ramp-up in order to enhance learning 
as well as knowledge spillovers between ramp-ups. 
In the case where initial prices are high and subsequently 
drop rapidly, one possible strategy is the copy-exactly ramp-
up strategy which Terwiesch and Xu examine in their study 
from 2004 [15]. In the copy-exactly ramp-up strategy the 
production process remains completely unchanged for a 
certain period of time in order to enable workers to adapt to 
the process and thus increase yields. High, but rapidly falling 
prices can often be observed in high-tech industries, such as 
semiconductor and disk drives, so that a copy-exactly strategy 
is often employed [15]. In order to formalize a dynamic 
optimization problem, the authors model a trade-off between 
learning to perform the production process as planned and 
changing the plan for the production process. They show that 
the copy-exactly policy is optimal if the “initial knowledge 
level is low, the lifecycle short and demand growth is steep, 
and learning is difficult” [15]. Again, these insights stem from 
an analytic model and form an interesting starting point for 
empirical validation. The authors only provide anecdotal 
evidence from INTEL which hints at the importance of the 
copy-exactly strategy, but cannot solidly prove its general 
applicability in the above mentioned situations in real world 
settings. 
Another question, which arises when discussing 
organizational learning, is the incentive for employees to 
generate knowledge through learning and to keep knowledge 
proprietary instead of sharing it with their coworkers. In the 
same way that competitive firms have an incentive to invest 
less into learning, as explained above [5][9], employees may 
have an incentive not to make an effort in order to generate 
knowledge. Instead they may rely on the learning effects 
which are generated by their coworkers and become freely 
available for them. This free-rider problem in the context of 
knowledge sharing is reviewed in, for example, [17] and 
researched in an empirical setting in [18]. At the same time 
employees may compete for a certain position in a company 
leading to a potential incentive not to share knowledge but 
instead keep it proprietary in order to increase one’s personal 
market value [19]. These two effects would hinder knowledge 
spillovers. When promoting a situation with more 
opportunities for knowledge spillover, incentive effects have 
to be weighed off against the advantages of knowledge being 
usable at different positions in the organization. 
All these ideas and the corresponding publications deal 
with learning within a single ramp-up. In Chapter 4, the focus 
shifts to learning effects between multiple consecutive ramp-
ups. 
4. Learning spillovers between subsequent production 
ramp-ups 
The literature on spillover learning from one production 
ramp-up to the next is still very scarce. Only a few 
publications can be found tackling the question how learning 
effects can spill over to future production ramp-ups. Even 
though most of these pieces of literature do not explicitly 
include the term spillover learning, they deal with the topic 
how spillover effects can affect future ramp-ups. 
Levitt et al. investigate learning by doing during the 
production ramp-up of an automobile manufacturer with 
microstructure data on the number of defects [2]. Among other 
things, they find spillover effects both between worker shifts 
and between consecutive ramp-ups. In detail, they find that the 
knowledge acquired through learning by doing is embodied in 
the organization and not only the individual workers. When a 
second shift of workers starts working in the same plant, their 
performance in terms of defects is immediately on the level of 
the first shift whose workers already accrued knowledge 
obtained through learning by doing. When new model variants 
are introduced, i.e. new production ramp-ups begin, the initial 
defect rates for this variant are higher than the defect rates of 
variants which have already been produced for a longer 
period. However, the initial defect rates for variants which 
were introduced later are much lower compared to the rates 
observed at the beginning of the first ramp-up. This means 
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that some degree of knowledge spillover from the first ramp-
up to the following ones does take place.  
Similarly, Irwin and Klenow examine spillover effects both 
between organizations and between consecutive product 
generations, but they choose the semiconductor industry for 
this purpose [20].  They as well find evidence that learning 
spills over between firms, and in particular that an additional 
unit in a firm’s own cumulative production has an effect three 
times larger than an additional unit in another firm’s 
cumulative production. Also they find this effect to be equal 
within and across countries. While the contribution to a 
company’s learning is larger for a unit of own output 
compared to a unit of output in another company, the absolute 
number of units will usually be much higher for all other firms 
combined compared to the firm’s own output. Thus, a firm’s 
absolute learning is to a larger extent determined by other 
firms’ output than its own output. In contrast to Levitt et al. 
[2], the study by Irwin and Klenow only weakly supports the 
hypothesis of learning spillovers to be existent between 
product generations and this weak evidence is only apparent in 
two out of seven cases [20]. The authors use unpublished data 
from Dataquest on the price and the number of units of 
dynamic random access memory chips (DRAMs) sold from 
1974 to 1992. Their measure for learning is the marginal cost 
per unit which they approximate by the selling price. While 
this approximation would be accurate in a perfectly 
competitive market, it is questionable in the real world market 
for DRAMs. 
In another article, Demeester and Qi derive propositions on 
how a firm should allocate its learning resources to two 
consecutive product generations which are produced 
simultaneously when the new product is introduced, the old 
one being still sold in the market [21]. Here, the spillover of 
learning from the production ramp-up of one product 
generation to the next plays a role. This overlap of product 
generations can, for example, often be observed in the 
consumer electronics and the semiconductor industry. 
Demeester and Qi  “define learning resources as scarce firm-
specific resources that a firm allocates towards the 
improvement of the quality, timeliness, and ultimately the cost 
of its existing products and processes. Examples of learning 
resources are experienced manufacturing personnel, technical 
experts, process engineers, and test laboratory time” [21]. The 
basis for this concept of learning resources which must be 
allocated is that learning does not only happen automatically 
by experience in production, i.e. that learning by doing is not 
just a by-product of production, but that learning has to be 
managed and can be influenced. The authors formulate the 
question how to allocate such learning resources as an 
optimization problem in order to identify the optimal time for 
the company to allocate all learning resources to the new 
product. There is not a simple answer to this question and, as 
one might expect, this optimal point in time depends on 
various factors. The list of the authors’ findings is too long to 
be repeated here, but the factors, on which the optimal time to 
shift all learning resources to the newer product generation 
depends, are the market potential of each product generation, 
the substitution rate by which demand shifts from the old 
product to the new one, the overall cost reduction potential of 
each product generation, the firm’s induced learning rate 
potential, the degree of autonomous learning, the level of 
cross-learning between product generations, and the rate at 
which returns to learning diminish. Out of these factors, 
especially cross-learning refers to the idea of knowledge 
spillovers from one generation to the next. Demeester and Qi 
show that with a higher level of cross-learning firms should 
shift resources to the newer product generation earlier [21]. 
The authors do not test their proposition empirically, but 
provide anecdotal evidence for their findings from the 
semiconductor industry. So, this is another point where 
empirical testing would be interesting to pursue. From the 
implications and findings of the studies described above, the 
following set of hypotheses can be deducted: 
Hypothesis 1: Spillover effects exist between consecutive 
production ramp-ups and result in a higher initial 
performance (productivity, quality, resource consumption) 
in the second ramp-up. 
Hypothesis 2: Experimentation in production as compared 
to learning by doing improves spillover learning effects in 
terms of productivity, quality, and resource consumption. 
Hypothesis 3: Spillover effects enable newly introduced 
individuals implicitly to learn by imitation, so that they 
perform better in a new task in terms of productivity, 
quality and resource consumption. 
5. Conclusion and directions for future research 
As we have seen so far, spillover learning, as well as 
organizational learning in production ramp-ups, has received a 
substantial amount of attention. However, only a few 
publications deal with the combination of these two topics: 
Spillover learning from one production ramp-up to the next. 
This leads to interesting research gaps to be tackled in the 
future. It is striking that our knowledge about spillover effects 
of learning for production ramp-up is still limited and 
especially that there is no empirical literature which examines 
the applicability of different means of enhancing spillover 
effects in this setting. An interesting direction to be followed 
would be a laboratory experiment to test the above listed 
hypotheses. So far, to our best knowledge there is no study on 
this topic using the methodology of a laboratory experiment. 
In general, there are no published studies where spillover 
learning in production ramp-up is tested in laboratory 
experiments. Even in the more general area of production 
ramp-up there has never been a study in which laboratory 
experiments were performed. Furthermore, the same is true for 
the general spillover learning literature.  
With laboratory experiments having been conducted 
neither in the area of spillover learning nor the area of 
production ramp-up, there is large potential to test the above-
mentioned theories and propositions empirically in such an 
experiment. Since laboratory experiments have gained wide 
acceptance as a method in the economic literature, this 
research gap represents a very interesting as well as promising 
direction. For example, a laboratory experiment which 
examines spillover learning effects between consecutive ramp-
ups would not only add to our understanding in this area, but 
would also yield empirical proof for the postulated theories. 
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Laboratory experiments allow drawing unambiguous causal 
inferences in a controlled environment – features which field 
data cannot guarantee. 
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